Much of our knowledge about bacterial virulence and pathogenesis has been derived from 16 studying cells growing in test tubes, under conditions which are often not representative of 17 those found during infection. In addition, many current in vivo models have biotic and abiotic 18 limitations, which include failing to fully mimic in vivo environments, financial implications, 19 small sample sizes, and ethical constraints. Therefore, new models which fully or partially 20 address these issues are desirable. Here we highlight the development of a simple and high 21 throughput mung bean model to study virulence in the opportunistic pathogen Pseudomonas 22 109 d). We found that the root development of PAO1 treated plants was also impaired as the 110 number of root branches were reduced when compared to PAO-JG1 treated plants and 111 healthy PBS control plants ( Fig. 1, d ). 112 113 Table 2. Mortality rates in mung bean treated seedlings by PAO1 and PAO-JG1. There were five 114 culture suspension treated seedlings in each trial. 115 116
aeruginosa. The model is easy to setup and cultivate under controlled conditions in the 23 laboratory, and infection and virulence can be monitored for up to 10 days. In a first test of 24 the model, we found that mung bean seedlings infected with PAO1 showed poor 25 development of roots and high mortality rates compared to un-infected controls. We also 26 found that a quorum sensing (QS) mutant strain was significantly less virulent when 27 compared with the PAO1 wild type. Our work introduces a new tool for studying virulence in 28 P. aeruginosa, that will allow for high throughput virulence studies of mutants, and for 29 testing the in vivo efficacy of new therapies at a time when new antimicrobial drugs are 30 desperately needed.
31

Main text 32
Pseudomonas aeruginosa is an opportunistic pathogen that can be isolated from diverse 33 habitats including water, soil, animals and plants (1-3). In humans, it is a leading cause of 34 infection, morbidity and mortality in cystic fibrosis (CF) lungs, and is a problematic pathogen 35 in burn wounds, chronic diabetic wounds and immunocompromised individuals (1, 3, 4).
36
Because of the problems that P. aeruginosa causes in human hosts, researchers have 37 developed a number of different in vivo infection models for assessing P. aeruginosa 38 virulence, pathogenesis and disease(5-7). These include animal models such as waxmoths (8) 39 (9), fruit flies (10) , nematodes, mice (11-13) (14-16), pigs (17) and ex vivo pig lungs (18, test (* = p<0.05, ** = p< 0.01 and *** = p< 0.0001).
56
We purchased mung bean seeds from a general supermarket store (Tesco U.K.). To avoid any 57 fungal or other bacterial contamination, we first surface sterilized the seeds by soaking in 58 70% ethanol in a sterile flask for 30 seconds and then we soaked them in 0.01% Mercury 59 Chloride (HgCl 2 ) for 30 seconds three times. We then washed the seeds with sterile water. 60 We transferred surface sterilised seeds onto soft agar plates (0.8% w/v agar), and added 2 ml 61 of sterile water to the surface of the agar. We then incubated the plates for 24 hours at 37°C 62 under humidified conditions to allow for the germination of seeds. We used 8 germinated 63 seeds per group for the infection studies. As a first test of our model, we wanted to determine 64 whether quorum sensing (QS) is important for virulence in mung beans, because QS has 65 previously been shown to be an important regulator of virulence in a number of different 66 hosts including mice, Arabidopsis, lettuce, nematodes, and insects (22) (11). We used a PAO1 lasI -rhlIdouble mutant (PAO-JG1) (23) to determine the role of QS on pathogenesis, 68 colonisation and disease development in mung beans.
69
To infect the seeds, we inoculated the PAO1 wildtype strain and PAO-JG1 into 100 ml 70 Lysogeny Broth (LB) from overnight start-up cultures, and incubated at 30°C/200 rpm to 71 reach a cell density of ~10 9 CFU/ml. We centrifuged stationary phase cultures at 7000 rpm 72 for 10 mins and we re-suspended pellets into 4 ml of sterile PBS (pH 7). We added 8 73 geminated mung bean seeds to this bacterial suspension and then incubated at 30°C for 24 74 hours under static conditions to achieve a good colonization of bacterial cells on the 75 germinated seeds. We incubated equal numbers of seeds in 4 ml of PBS as uninfected 76 controls. After the incubation, we took 3 seeds from each treatment group, and re-suspended 77 them in 1 ml of sterile PBS and vortexed for 30 secs. We used this suspension to perform 78 viable counts (CFU/ml), to determine the number of adhered bacteria that coated each seed.
79
The cell counts recorded are shown in Table 1 . (Sigma aldrich) and 0.8% w/v agar (Oxoid)]. We poured 30 ml aliquots of media into large 86 glass tubes (30×200 mm, Duran groups) and sterilized by autoclaving for 20 mins. We 87 aseptically transferred both infected and PBS control mung bean seedlings (5 seeds per 88 group) into the tubes. We allowed the seedlings to grow in a natural daylight cycle for 10 89 days in gnotobiotic conditions. To determine viable bacterial counts (CFU/mg of root weight) 90 of both the strains colonizing the roots of the mung bean seeds during the incubation of 10 91 days, we cut the root of each plant with sterile scissors, and re-suspended these in 1 ml of 92 sterile PBS and vortexed for 30 secs. We used this suspension to perform a viable count of 93 bacteria to determine the number of bacteria colonizing the root of each plant. We normalized 94 the CFUs on each root by the respective root weight (mg) of each plant root. We show that 95 both PAO1 and PAO-JG1 strains were viable on the roots throughout the infection period 96 (Table 1) . We determined the health of the plants by measuring parameters such as mortality 97 rate of seedlings, shoot length, root length and the number of root branches due to the 98 infection. We defined mortality rate as the percentage of seedlings that died from the total 99 number of seedlings treated with bacterial culture suspension in each trial. We found that the 100 mortality rate of the seedlings treated with PAO1 was higher compared to PAO-JG1 treated 101 seedlings ( Table 2) . We observed all the seedlings infected with PAO-JG1 developed into 102 healthy plants (Fig. 1, a) . We found that seedlings which survived infection with PAO1, 103 demonstrated severely attenuated growth (Fig. 1, a) . These plants displayed disease 104 symptoms such as water soaked lesions on their roots, and blackening of the root and shoot.
105
Our infection model examined three parameters to determine and score plant health: root 106 length, shoot length and the number of root branches. In seedlings that survived PAO1 107 treatment, we observed a significant decrease in the root and shoot length measures when compared to seedlings treated with PAO-JG1 and healthy PBS control plants (Fig. 1, b , c and involved in phenotypes such as motility, adhesion, colonisation, pathogen survival, and their 149 impact on virulence can be conducted using the model. Finally, if seedlings are coated with 150 sub-lethal doses of P. aeruginosa, which do not cause the death of plants, this could allow for 151 sociomicrobiology studies relating to social behaviours, to determine how spatial and 152 temporal interactions within and between bacterial communities progress in a natural 153 environment. In summary, we have developed a cheap, reproducible and simple to cultivate 154 plant host model which can be used to study P. aeruginosa virulence, and it also may also 155 have relevance for other bacterial species. We have no conflict of interest to declare. 
